T he widespread availability and frequent use of serum chemistry tests have resulted in a dramatic increase in the number of normal and abnormal liver chemistry test values that must be evaluated by physicians. Serum liver chemistry tests increasingly are obtained not only on patients with suspected liver disorders, but also for screening asymptomatic individuals. Liver chemistry tests commonly are used for periodic health screening, blood banking, and insurance physicals and during hospitalization for medical, surgical, or psychiatric illnesses unrelated to hepatic disorders. Abnormal elevations of serum liver chemistries may occur in 1%-4% of the asymptomatic population. 1,2 Therefore, to provide highquality, cost-effective health care, a rational approach for the appropriate evaluation of serum liver chemistries is essential for all practicing physicians. As with the evaluation of all medical tests, the interpretation of liver chemistries must be performed within the context of the patient's risk factors for disease, symptoms, and historical and physical examination findings.
Criteria Used to Include and/or Exclude Data for Consideration
In the data analysis used for this technical review, it should be stated that there are no type 1 data (welldesigned randomized controlled trials) and few type 2 data (well-designed cohort [prospective or retrospective] studies with concurrent or historical controls) directly addressing the evaluation of liver chemistry tests. An initial MEDLINE literature search under the subject headings Liver, Chemistry, Function, and Test revealed over 14,000 references, with over 6000 references published since 1990. Thus, it is essential to adopt a selective approach to the literature, analyzing data investigating specific liver biochemistries in both asymptomatic and symptomatic patients. Data from abstracts will not routinely be used, and when they are used, it will be explicitly stated that the data are published solely in abstract form. Finally, although there are no arbitrary dates of publication used for studies included for analysis in this document, medical advances over the past two decades (identification of hepatitis C virus, genetic testing methodologies, etc.) may make older studies obsolete. Emphasis is placed on a critical analysis of more recent literature and any limitations in cited studies resulting from subsequent advances in medical diagnosis and treatment are explicitly stated.
Interpretation of Abnormal Liver Chemistry Values
Normal laboratory values are defined as the mean of the distribution Ϯ 2 standard deviations of the "normal" population. 3 Therefore, by definition, 5% of normal patients will have abnormalities of any given test (2.5% are above and 2.5% are below the 2 standard deviation level). Although low liver chemistry values are not typically associated with disease states, 2.5% of "normal" individuals will have mild elevations of a given serum liver chemistry test. In addition, the "normal" population may not be reflective of normal values for a given patient. Normal laboratory chemistry values may vary according to age, gender, blood group, and postprandial state as well as other factors. In fact, "normal physiologic" states such as pregnancy may result in markedly elevated levels of the serum alkaline phosphatase. 4, 5 Thus, all laboratory abnormalities must be interpreted within the clinical context of the patient.
One may also falsely assume that a normal laboratory value excludes disease. In fact, any population of patients with a given disease also has a distribution of laboratory values, and some affected individuals may have laboratory values extending into the "normal" range. 3 Thus, if a liver chemistry test is normal, it does not ensure that the patient is free of liver disease. If a laboratory error is suspected, the laboratory test should be repeated. However, a repeated value in the normal range does not ensure that the initial value was truly erroneous and may reflect a fluctuating biochemical value. Aminotransferase levels typically may fluctuate in liver diseases such as hepatitis C virus (HCV), including serum alanine aminotransferase (ALT) levels that may intermittently be in the normal range and may not correlate well with liver histology. 6 Finally, differing laboratories may use alternative methodologies for a respective assay, which can result in differing normal laboratory values.
The clinical significance of any liver chemistry test abnormality must be interpreted in the context of the clinical situation. Patients with marked abnormalities of liver chemistry tests, or with signs and symptoms of chronic liver disease or hepatic decompensation (i.e., ascites, encephalopathy, coagulopathy, or portal hypertension), should be evaluated and treated in a more expeditious manner than asymptomatic individuals with minimal chronic liver test abnormalities and normal physical examinations. Thus, the initial evaluation of laboratory tests must involve an assessment of the patient's symptoms, risk factors for liver disease, concomitant conditions, medications or drug use, history and physical examination findings, and even the consideration that there may potentially be a laboratory error.
Based on the pattern of the serum liver chemistry abnormalities, serum liver chemistry tests can be classified to provide a practical approach for the evaluation and diagnosis of hepatobiliary diseases. For the purpose of this document, we have classified the analysis of liver chemistry abnormalities to the interpretation of serum ALT and aspartate aminotransferase (AST) abnormalities (hepatocellular injury) and serum alkaline phosphatase and bilirubin abnormalities (cholestatic pattern). Although it is important to emphasize that liver chemistry test abnormalities frequently occur in overlapping patterns, presenting an obvious limitation to this type of categorized analysis, the division of liver chemistry test abnormalities into "hepatocellular injury" and "cholestatic" patterns allows a commonly used, simplified approach for the interpretation of serum liver chemistries. In addition, elevations of the hepatic alkaline phosphatase with minimal or no elevations of the serum ALT, AST, or bilirubin also may be indicative of "infiltrative" diseases of the hepatic parenchyma. Blood tests such as serum albumin and prothrombin time are also important determinants of hepatic synthetic function, but are not specific for hepatic disease. Nonetheless, these tests have an essential role in the evaluation of the hepatic function of patients with acute or chronic liver diseases.
Biological Basis of Liver Chemistries
The term "liver chemistry tests" is a frequently used but poorly defined phrase that encompasses the numerous serum chemistries that can be assayed to assess hepatic function and/or injury (Table 1) . Although these also are often termed liver function tests, this term is a misnomer because standard liver chemistry tests do not effectively assess the actual function of the liver. The term liver chemistry tests also implies that the biochemical tests are solely of hepatic origin, but in fact, liver chemistry tests are not always specific for the liver and may encompass numerous biochemical assays that reflect hepatocellular injury, intra-or extrahepatic cholestasis, infiltrating diseases of the liver, impairment of hepatic synthesis, and alterations in liver metabolism.
In 1955, elevations of the serum AST were reported in viral hepatitis as well as other hepatic diseases and subsequently, concomitant ALT elevations were found in similar disorders. [7] [8] [9] The AST and ALT are abundant hepatic enzymes that catalyze the transfer of amino groups to form the hepatic metabolites pyruvate and oxaloacetate, respectively. The ALT is found in the cytosol of liver, whereas two AST isoenzymes are located in the cytosol and mitochondria, respectively. Both the ALT and AST are released from damaged hepatocytes into the blood after hepatocellular injury or death. The AST also is abundantly expressed in several nonhepatic tissues including heart, skeletal muscle, and blood. The ALT is found in low concentrations in tissues other than liver, so it is frequently considered specific for hepatocellular injury. However, this specificity is not absolute because serum ALT elevations can occur in nonhepatic conditions such as myopathic diseases. 10, 11 In addition, the serum ALT has diurnal variation, may vary day-today, and may be affected by exercise; the serum AST may be 15% higher in African-American males, in addition to varying day-to-day or with exercise. [12] [13] [14] [15] Nonetheless, both the ratio and absolute elevation of the AST and ALT can provide important information regarding the extent and etiology of liver disease. The ratio of mitochondrial to cytoplasmic AST may be useful in the diagnosis of specific liver diseases; however, because isoenzyme activity is not assayed routinely in clinical practice, these data will not be evaluated further.
Bilirubin is a normal heme degradation product that is excreted from the body predominately via secretion into bile. Bilirubin is insoluble in water and requires conjugation (glucuronidation) into the water-soluble bilirubin mono-and di-glucuronide forms before biliary secretion. In the second decade of the twentieth century, van den Bergh and Muller 16 used Ehrlich's diazo reagent to determine that two types of bilirubin were present in the serum of jaundiced patients: one that reacted directly with the reagent (direct bilirubin) and a second form that required the addition of alcohol for color development (indirect bilirubin). Four decades later, independent work by Billing and Schmid demonstrated that unconjugated bilirubin was the indirect form, whereas the direct form was a combination of the bilirubin monoand di-glucuronides (conjugated bilirubin). 17 Although the methodologies in serum bilirubin determination have advanced since this time, the terminology of direct and indirect bilirubin have remained virtually synonymous with conjugated and unconjugated bilirubin, respectively.
To secrete bilirubin into bile, unconjugated bilirubin must be taken up into the hepatocyte and conjugated into the glucuronide form by the endoplasmic reticulum enzyme bilirubin UDP-glucuronyltransferase (bilirubin-UGT), and the water-soluble bilirubin glucuronides must be secreted across the canalicular membrane into bile. The molecular mechanisms of these processes recently have been delineated and reviewed 18 -20 but are beyond the scope of this document.
Bilirubin-UGT, the enzyme that conjugates bilirubin, is expressed shortly after birth. However, once enzyme expression occurs, it continues to be highly expressed and active even in severe liver disease and cirrhosis. 21, 22 Diminished expression of this enzyme is one of the defects causing Gilbert's syndrome, a benign, unconjugated hyperbilirubinemia occurring in up to 5% of the normal population. [23] [24] [25] [26] [27] Unconjugated hyperbilirubinemia also may result from hemolysis (increased heme breakdown) or in rare genetic diseases such as the Crigler-Najjar syndrome. 27, 28 After the neonatal period, most hepatic conditions that result in a conjugated hyperbilirubinemia are caused by either extrahepatic obstruction of bile flow, intrahepatic cholestasis, hepatitis, or cirrhosis, with a resultant impairment of hepatocellular bilirubin secretion into bile. Because bilirubin-UGT expression and bilirubin conjugation typically are well preserved, these pathophysiological states usually result in a conjugated hyperbilirubinemia. When conjugated hyperbilirubinemia occurs, significant amounts of bilirubin may also be excreted via the urine.
The alkaline phosphatase family of enzymes are zinc metalloenzymes that are present in nearly all tissues. In liver, the enzyme has been immunolocalized to the microvilli of the bile canaliculus. Under normal conditions, serum alkaline phosphatase predominantly is caused by liver and bone isoenzymes, with intestinal enzymes contributing up to 20% of total activity. The normal reference range is dependent on a host of factors including the method of determination, patient age and gender, and the postprandial state. 29 During normal pregnancy, alkaline phosphatase activity begins to rise by the late first trimester (because of placental isoenzymes), may reach levels of twice normal by term, and can remain elevated for several weeks after delivery. 4, 5 Serum alkaline phosphatase levels can be elevated by cholestatic or infiltrative diseases of the liver and by diseases causing obstruction to the biliary system, as well as by bone diseases, numerous medications, and tumors of hepatic and nonhepatic origin. When evaluating serum liver chemistries, the important clinical issue is the determination of whether the alkaline phosphatase abnormality is of hepatobiliary or nonhepatic origin. Liver alkaline phosphatase is more heat stable than bone, and isoenzyme determination can be made based on heat sensitivity; however, this assay may be subject to considerable inaccuracy and therefore its clinical use may be "laboratory-specific." Other isoenzyme determination methodologies may include assays using monoclonal antibodies or wheat germ lectin precipitation. 30, 31 Serum assays of 5Ј-nucleotidase or ␥-glutamyltransferase activity can be used to confirm the liver-specific origin for an elevation of the alkaline phosphatase. The alkaline phosphatase 5Ј-nucleotidase acts on phosphate groups at the 5Ј position of the pentose. It is present in many tissues, but serum levels become significantly elevated only in liver diseases. Highest levels are found in cholestatic conditions, but elevations also can occur dur-ing hepatitis, cirrhosis, or other hepatocellular conditions. The glycoprotein ␥-glutamyltransferase is located on membranes of cells with high secretory or absorptive activities. It is abundant in liver, kidney, pancreas, intestine, and prostate, but not in bone. Thus, serum levels may be clinically useful for determining whether an alkaline phosphatase elevation is of liver or bone origin. 32 Serum levels also may be elevated after alcohol consumption (presumably because of enzyme induction) and in almost all types of liver disease. 33, 34 Elevations of this enzyme are therefore less useful for determining the cause of liver disease.
Initial Approach to the Evaluation of Abnormal Liver Chemistries Tests
When a patient is identified as having an asymptomatic elevation of one or more liver chemistry test, the physician must decide what initial additional evaluation, if any, is clinically indicated. This will be based, at least in part, on the findings of the history and physical examination. Unfortunately, significant data are lacking on the cost-effectiveness of evaluating patients with asymptomatic abnormalities of liver chemistry tests; nor are there long-term prospective studies to define the natural history of the potential liver disease in these patients. However, given the high prevalence of asymptomatic liver chemistry abnormalities in the United States and the significant costs of an extensive serologic, radiologic, and pathologic evaluation, rational choices must be made based on available data.
In a study of 19,877 presumably healthy Air Force recruits, 99 (0.5%) had confirmed ALT elevations. Of these 99 individuals, only 12% had identifiable causes (4 hepatitis B virus [HBV], 4 HCV, 2 autoimmune hepatitis, 1 cholelithiasis, 1 gastrointestinal infection). Although this study had a low rate of ALT abnormalities and was performed with less sensitive HCV testing methodology than is available today, it suggests that the majority of asymptomatic individuals with serum ALT abnormalities may not have demonstrable liver disease. 2 In a Scandinavian study of 151 consecutive patients who were referred for mild to moderately elevated serum aminotransferase levels (42-300 U/L) continuing for more than 6 months and who subsequently underwent liver biopsy, identifiable causes of liver disease were more common. 35 Chronic HCV was diagnosed in 15.3% of patients, presumed alcoholic liver disease in 8%, autoimmune hepatitis, hepatitis, and primary biliary cirrhosis (PBC) in 1.3% each, ␣-1-antitrypsin deficiency in 0.7%, and non-alcoholic steatohepatitis and/or steatosis in 42% (the study began before the availability of HCV serologic testing; thus, the HCV group may be underestimated). In addition, 36 (24%) patients had chronic hepatitis of unknown origin, with 11 having bridging fibrosis and 16 having moderate fibrosis on liver biopsy. Cryptogenic cirrhosis was diagnosed in only 1 (0.7%) patient. The significant differences between these two studies may be due to the fact that the latter study involved patients with durations of ALT elevations in excess of 6 months, or due to referral bias because these individuals were referred to an academic center. The data from similar studies from the pre-HCV era are difficult to assess, given that the prevalence of HCV infection could not be ascertained. In addition, a study of 92 asymptomatic blood donors with elevated serum ALT levels who were followed for 6 months revealed that ALT elevations were persistent or recurrent in two thirds of the patients (28% persistent, 36% intermittent) and occurred as an isolated elevation in only 33% of patients. There was no identifiable cause for the ALT elevation in 22 of these 92 patients, although several may have had HCV infection, because testing was not available at the time of this study. 36 Finally, the incidence of hepatic disease in selective high-risk populations is, not surprisingly, significantly higher than in screening populations. In a large, multicenter screening study for viral hepatitis, the prevalence of HBV or HCV infection was 24.8% 37 and asymptomatic liver chemistry abnormalities occurred in over three quarters of patients taking anticonvulsant medication. 38 Thus, a decision to observe an asymptomatic patient closely and repeat a liver chemistry test, versus proceeding with an additional evaluation, must be made in the context of the clinical scenario.
Although a decision regarding the evaluation of abnormalities of liver chemistries must be made based on clinical criteria, the costs of these serologic, radiologic, and pathologic evaluations can be significant. In the absence of definitive cost-effectiveness data regarding the appropriate evaluation, the physician must assess both the benefit and costs (nonfiscal and fiscal) associated with further evaluating these laboratory abnormalities. Table  2 lists fiscal charges and estimated Medicaid reimbursements of selective tests that may be considered in the evaluation of a patient with liver chemistry test abnormalities. These probably represent an extreme range of costs because charges for many laboratory tests may not be fully reimbursed, yet Medicaid reimbursement rates tend to be relatively low compared with many other reimbursement plans. Nonetheless, these may be useful for the clinician to assess the potential financial implications of various approaches to evaluating serum liver chemistry tests. The cost of repeating the serum ALT can be performed for less than $30; in contrast, an extensive serologic evaluation, abdominal ultrasonography, and percutaneous liver biopsy would cost over $3000. An initial evaluation to assess common causes of a chronically elevated ALT (e.g., repeat liver chemistries, hepatitis B surface antigen [HBsAg], HCV-Ab, iron, total iron binding capacity, ferritin) can be performed for approximately $350, or for 2-3 times this cost if an abdominal ultrasonography is obtained.
Thus, the initial decision to evaluate an abnormal liver chemistry further and the choice of testing desired should be dictated by the clinical scenario. The physician must realize that all liver chemistry abnormalities are not indicative of progressive chronic liver disease, yet must also appreciate that the prompt diagnosis and therapy of many common liver diseases can prevent progression to end-stage liver disease. 39 -41 Given the high incidence of abnormal liver chemistries in asymptomatic individuals, decisions to evaluate these abnormalities by ordering a large number of tests will be quite costly, both in fiscal and nonfiscal (i.e., false-positive tests, complications of liver biopsy, etc.) terms. Therefore, a decision regarding the need to perform additional testing, and/or the choice of the appropriate additional evaluations required to determine the potential cause of the liver disease should be individualized and based on historical and physical examination findings. If an observational approach is 
Evaluation of Abnormalities of the Serum ALT and AST Levels
There are numerous causes of increased serum ALT and AST levels in both symptomatic and asymptomatic patients. As previously mentioned, ALT and AST are enzymes released from damaged hepatocytes into the blood following hepatocellular injury or death, although they can originate from other tissues. Historical information and the physical examination are essential for the initial evaluation to determine whether the liver injury is acute or chronic, the underlying etiology, and associated systemic illnesses. The initial management may include repeating the laboratory value if a laboratory error is strongly suspected or if the ALT and AST elevation is minimal. Elevations of both the AST and ALT may rarely be caused by nonhepatic conditions, and although the ALT is considered a "liver-specific" enzyme, this is not always true. 10, 11 Both the magnitude and relative level of elevation of the ALT and AST may be useful in narrowing the differential diagnosis for the cause of the liver injury, especially when the level of elevation is either mild or severe. Therefore, a useful paradigm to categorize elevated serum ALT and AST levels involves ALT and AST elevations of less than 5 times normal, with either a predominant ALT or AST elevation; and ALT and AST elevations greater than 15 times normal. ALT and AST elevations in an intermediate range may be caused by numerous disease processes that fall into both of the above categories and thus are less useful for limiting the differential diagnosis.
Aminotransferase elevations of up to 5 times normal may be seen in numerous chronic liver diseases as well as in acute hepatic processes. Transaminase elevations usually imply liver cell injury and death, which may or may not be associated with cholestasis. The initial evaluation of all abnormal ALT and AST levels involves a detailed history and physical examination to determine potential causes and chronicity of the liver disease. Lifestyle modifications including discontinuation of medications and alcohol, weight loss, and dietary changes can be recommended. The patient should be evaluated initially for common causes of liver injury (Table 3) , and, therefore, knowledge of the prevalence of specific causes of liver disease may be useful in guiding the initial diagnostic management. However, in patients who have been previously identified as having an abnormal serum liver chemistry test, the probability of having any given type of liver disease is much higher than in the general population with normal liver chemistry tests. If the initial evaluation is unrevealing and if the patients are asymptomatic, appropriate management options include additional diagnostic evaluations versus lifestyle changes and close clinical observation with serial serum liver chemistry testing.
Etiology of Mild ALT and AST Elevations (Less Than 5 Times the Upper Limit of Normal): ALT-Predominant Elevation
Chronic viral hepatitis remains one of the most common causes of abnormal liver chemistries. HCV infection is a highly prevalent disease and a common cause of elevated liver enzymes, affecting nearly 2% of the American population. 42 All patients with abnormal serum aminotransferases should be questioned for risk factors for HCV acquisition, including a history of intravenous or intranasal drug use, blood transfusion, exposure to unsterile needles (nosocomial, body piercing, tattoo placement), and sexual exposure to an infected individual. The presence of HCV can be diagnosed serologically by obtaining a positive HCV antibody test, and viremia can be confirmed with HCV-RNA measurement 46 However, the performance of a liver biopsy should be considered as part of the evaluation of patients with chronic hepatitis C, albeit with the recognition that the decision to perform the procedure must be individualized to the specific patient and clinical scenario. Chronic HBV is a highly prevalent infection and is a significant cause of serum ALT and AST elevations throughout the world. The prevalence of HBsAg-carrier rate is 0.1%-2% in the United States, Australia, and Western Europe, but is as high as 10%-20% in Southeast Asia and Sub-Sahara Africa. 47 Risk factors for HBV acquisition are similar to those discussed for hepatitis C, although with a higher risk of transmission vertically at the time of birth and with sexual contact. 48, 49 The presence of a detectable hepatitis B surface antigen or the immunoglobulin (Ig) M-fraction of the hepatitis B core antibody indicates that an individual is infected and chronic infection is defined by HBV positivity for at least 6 months. The natural history of HBV infection is quite variable and depends on the patient's immunologic status and age of acquisition. Additional evaluation including hepatitis B e antigen and antibody, hepatitis Delta virus antibodies, and quantitative HBV-DNA can be obtained if clinically indicated. Ultrasonography may be useful to visualize the liver parenchyma, and liver biopsy should be strongly considered in patients with chronic hepatitis B and elevated transaminases, particularly if a decision regarding treatment is dependent on the pathologic findings.
Most medications have been reported to be associated with serum liver enzyme elevations, although certain medications cause elevated serum aminotransferase levels more frequently than others (Table 4) . Over-the-counter medications and herbal preparations are frequent causes of elevated liver enzymes and even hepatic failure. Thus, when evaluating abnormal liver chemistry tests, a careful history must be taken to determine all medications (including all over-the-counter or herbal/alternative medications) that the patient is taking and when therapy was initiated. Although hepatotoxicity often occurs within 1-2 months of when a medication is initiated, this is not universally true. In the presence of abnormal serum liver chemistries, all nonessential medications should be discontinued and the liver chemistry tests should be monitored. Similarly, if suspect medications are administered for clear-cut clinical benefit, alternative medications should be sought. With many medications, liver enzyme elevations are mild and essential medications must be continued. It should be noted that data on the long-term effects of chronic, medication-induced hepatotoxicity are lacking for many drugs because long-term follow-up of large patient cohorts often is limited. If liver enzyme elevations continue to rise, the suspect medication should be stopped because liver failure potentially can occur. Finally, occupational or other toxin exposure can cause mild to severe elevation of the serum aminotransferases. 50 -52 Hepatic steatosis/steatohepatitis, or fatty infiltration of the liver with or without associated inflammation, may be the most common cause of mild liver enzyme elevations. However, the actual prevalence in the general population has not been definitively defined, 53 in part because nonalcoholic steatohepatitis (NASH) is asymptomatic in 48%-100% of patients. In an autopsy series of 351 unselected obese and nonobese patients, the prevalence of NASH was 6.3%, yet other studies indicate that it occurs in 6%-26% of obese patients. 53, 54 Historical factors such as obesity, weight gain, hyperlipidemias, or diabetes mellitus may be helpful, but risk factors are absent in some patients with this disease. 55 Because no available blood tests can confirm the diagnosis, the initial evaluation of abnormal serum aminotransferases in patients with suspected steatosis/steatohepatitis includes a serologic evaluation to exclude other forms of liver diseases. Liver ultrasonography, abdominal computerized tomography scanning, or magnetic resonance imaging can be suggestive of the diagnosis. Liver biopsy can confirm the diagnosis and allow assessment of the degree of inflammation and/or fibrosis, thus providing important prognostic information. In asymptomatic individuals suspected of having steatosis/steatohepatitis, appropriate management strategies include modification of lifestyle and risk factors (i.e., weight loss, exercise, discontinuing hepatotoxic medications, control of diabetes and hyperlipidemias) and close clinical follow-up to assess whether the transaminases normalize, 56 or the performance of a liver biopsy in selective patients. If the transaminases remain abnormal over 6 -12 months, or if the patient's ALT remains elevated despite successful lifestyle modifications, liver biopsy should be further considered to confirm the diagnosis and assess for the presence of fibrosis or cirrhosis. 57 Hereditary hemochromatosis (HH) is one of the most common genetic diseases, and thus should be considered initially in patients presenting with mildly elevated ALT or AST levels. 58, 59 HFE-associated hemochromatosis occurs with a homozygote frequency of 1:200 to 1:400, although the phenotypic expression of the disease may be lower. The disease has an autosomal recessive inheritance, so when a homozygote proband is identified, 25% of the patient's siblings will possess the homozygote genotype, and each parent has at least 1:20 chance of being a homozygote. Important historical information includes the family history and symptoms of weakness, fatigue, abdominal pain, arthralgias, and impotence. Congestive heart failure, diabetes mellitus, or darkening of skin pigmentation can occur, but these extrahepatic manifestations are relatively late findings in the natural history of the disease. In patients with serum ALT elevations without obvious origin, serum ferritin levels, serum iron, and total iron binding capacity should be measured so that the iron saturation (serum iron/iron binding capacity) can be calculated. These tests, however, are not specific for hemochromatosis and the specificity of these tests is particularly low in patients with other forms of liver disease. Abnormalities of serum tests assaying iron metabolism are age-dependent and can be abnormal in the heterozygote state and in many other conditions. 60 The genotype typically found in individuals of Northern European descent can be diagnosed with a high degree of accuracy by detection of mutations of the HFE gene. The C282Y/C282Y homozygote is most likely to manifest the disease phenotype, whereas a minority of genotype C282Y/H63D (compound heterozygotes) individuals may also develop the disease. 61, 62 Hemochromatosis may occur in the absence of these mutations, especially in individuals who are not of Northern European descent, presumably because of other known or unknown genetic mutations. 63, 64 Liver biopsy for histology and quantitative iron determination has been used extensively in the past for diagnosing this disease and still has a diagnostic role in patients who present with iron overload and have normal HFE analysis. C282Y homozygote or compound heterozygote individuals under the age of 40 years who manifest an iron overload phenotype and have normal liver enzyme levels, serum ferritin levels less than 1000 ng/mL, and are without hepatomegaly do not routinely require liver biopsy before initiation of phlebotomy. 61, 62 However, the recommendation to avoid performing a liver biopsy cannot be applied to patients who are being evaluated for abnormalities of their serum liver chemistry tests. In addition, although detection of the HFE C282Y/C282Y mutation by genetic testing may obviate the need for liver biopsy in many patients, the absence of the above HFE mutations does not rule out the disease. Non-HFE-related forms of iron overload disease exist, and liver biopsy should be considered in evaluating individuals with abnormal transaminases of unknown origin and evidence of serum ferritin elevations or iron saturations in excess of 50%. 65 In addition, because the presence of cirrhosis in patients with hemochromatosis confers a high risk for the development of hepatocellular carcinoma, when cirrhosis is suspected, liver biopsy is essential to assess the histologic state of the liver. 66 Finally, all first-degree relatives of affected patients should be screened for HH (even in the presence of normal serum liver chemistries, because normal values typically are present in young individuals with hemochromatosis). In young probands with children, it is reasonable to perform HFE mutational analysis on the spouse in order to determine whether the children are at risk for having an HH genotype. If the spouse has either a C282Y or H63D mutation, HFE analysis of the offspring should be considered. If a C282Y homozygote or C282Y/H63D compound heterozygote state is identified, the children (especially adult children) should be followed with serum iron indices to determine if therapeutic phlebotomy (or potentially liver biopsy) is required. 61 Chronic autoimmune hepatitis also can cause mildly elevated liver enzymes. 67, 68 Autoimmune hepatitis has a female gender predisposition, and occurs with a prevalence of approximately 1:6000 to 1:7000 individuals. 69, 70 It is often associated with thyroid disease and other autoimmune disorders. Patients with suspected autoimmune hepatitis and abnormal ALT levels should have serum serologic markers measured (anti-nuclear antibodies, anti-smooth muscle antibodies, and potentially liver-kidney microsomal antibodies) and serum studies to exclude other forms of liver disease. Elevated gamma globulin levels (IgG fraction) may occur but are not specific. The criteria for making the diagnosis of autoimmune hepatitis have been defined and include liver histology. 71 Liver biopsy is recommended for patients with abnormal transaminases in whom autoimmune hepatitis is suspected, both for diagnostic criteria and to determine the presence of fibrosis or cirrhosis.
In patients with abnormal ALT levels of unknown origin, serum ceruloplasmin and alpha-1-antitrypsin levels can be measured to screen for Wilson's disease and ␣-1-antitrypsin deficiency, respectively. The homozygote frequency for Wilson's disease is 1:30,000 to 1:300,000, 72 whereas the homozygote state for ␣-1-antitrypsin is more common, occurring with a frequency of 1:1500 to 1:7600 in North American white individuals. 73 The serum ceruloplasmin may increase as a result of hepatic inflammation but generally is lower than normal in patients with Wilson's disease. The further diagnostic evaluation for these autosomal recessive diseases involves additional tests of copper metabolism (serum and urinary copper levels), slit-lamp examination for Kayser-Fleischer rings, and liver biopsy for quantitative copper measurement to diagnose Wilson's disease; and a protease inhibitor phenotype analysis (P i -type) and confirmatory liver biopsy for alpha-1-antitrypsin deficiency. 74, 75 A family history of affected siblings should raise strong suspicions for either of these disorders, as do neuro-psychiatric or ophthalmologic manifestations suggestive of Wilson's disease. 76, 77 Celiac disease may also cause abnormal transaminases, and antiendomysial and antigliadin antibodies may be useful for screening for this entity. 78 -82 Other diseases associated with mildly elevated transaminase levels are listed in Table 3 , and these etiologies of hepatic disease should be sought in the appropriate clinical settings.
Acute viral hepatitis A, B, C, D, or E, Epstein-Barr virus or cytomegalovirus, can cause variable elevations of the serum ALT, which may exceed a level of 5 times normal. The diagnosis of acute hepatitis A, D, or E can be made by virus-specific IgM antibody assays, and acute HBV infection can be diagnosed by obtaining a detectable HBsAg and Hep B core IgM antibody. Acute HCV infection may be diagnosed by measuring the serum HCV-RNA, which can become detectable prior to the development of a positive serum HCV antibody (Table  5) . 83, 84 Similarly, the diagnosis of other hepatotropic viruses (Epstein-Barr virus, cytomegalovirus, herpes, adenovirus) can be made by serologic measurement of antibody titers or by the detection of viral antigen in the 
Etiology of Mild ALT and AST Elevations (ALT and AST Elevations Less Than 5 Times the Upper Limit of Normal): AST-Predominant Elevation
Alcohol use is a common cause of an elevated serum AST and is a cofactor for hepatic injury due to viral hepatitis and metabolic liver diseases. 85, 86 Accurate and detailed assessment of alcohol intake must be elicited by interviewing patients and often other family members because accurate historical information is essential for making the diagnosis of alcohol-related liver injury. The quantity of alcohol and the length of time that alcohol has been consumed are important factors for the development of disease. Alcohol-related liver injury includes hepatic steatosis, hepatitis, and cirrhosis, which may occur in 90%-100%, 10%-35%, and 8%-20% of heavy drinkers, respectively. 87 Alcoholic hepatitis is commonly associated with an AST:ALT ratio of approximately 2:1, and the AST rarely exceeds 300 IU/dL. If significantly higher enzymes are noted, the presence of an additional cause of liver injury should be sought (acetaminophen use, viral hepatitis, etc.). An appropriate history of alcohol consumption, the serologic exclusion of other forms of liver disease, exclusion of hepatotoxic drugs, and a characteristic pattern of AST and ALT elevation are usually sufficient to make a presumptive diagnosis. Liver biopsy can provide histologic evidence to support the diagnosis of alcoholic hepatitis (and may demonstrate the presence of fibrosis or cirrhosis), although no biopsy findings are pathognomonic. 88 NASH may present similarly to alcohol-related liver injury, and biopsy findings often are similar in both diseases. 89 This further emphasizes the importance of obtaining an accurate history of alcohol consumption from all patients with liver disease. AST elevations often predominate in patients with cirrhosis, even in liver diseases that typically have an ALT predominance. 90 Nonhepatic diseases can present with mild elevations of the serum AST or, less commonly, ALT elevations (Table 3) . Hemolysis studies (hemoglobin, peripheral blood smear, reticulocyte count, haptoglobin, Coombs' test, etc.), aldolase, creatine phosphokinase, and macro-AST levels can be used to exclude nonhepatic causes. 10, 11, [91] [92] [93] The differential diagnosis of an isolated, elevated AST includes alcohol-related or drug-induced liver injury, NASH, hemolysis, myopathic processes, and macro-AST.
AST levels may be reduced in the presence of renal failure. 94 The differential diagnosis of moderately elevated liver aminotransferases (5-15 times the upper limit of normal) encompasses a wide range of hepatic diseases, and ALT and AST elevations in this range may therefore be less useful in determining likely causes of liver disease. Disease entities that can present in this manner include virtually the entire spectrum of hepatic diseases that may cause either mild or severe aminotransferase elevations.
Etiology of Severe ALT and AST Elevations (Greater Than 15 Times the Upper Limit of Normal)
The differential diagnosis for severe elevations of liver transaminases often differs from etiologies causing lesser elevations of the aminotransferases and is relatively limited (Table 6 ). 95, 96 Liver enzyme elevations in this range typically indicate more marked hepatocellular injury or necrosis, although transient elevations to this degree may also occur with the passing of gallstones via the common bile duct into the gut. 97, 98 Drug-induced hepatotoxicity can present with marked liver enzyme elevation, thus a careful medication history including over-the-counter medications should be sought. Acetaminophen overdose is the most common cause of druginduced fulminant hepatic failure, 99 and patients with significant alcohol consumption may be particularly susceptible. 100, 101 Exposures to occupational, environmental, or other toxins also can cause acute hepatocellular necrosis with marked liver enzyme elevations (Table 4) .
Any of the primary hepatotropic hepatitis viruses (A-E) can cause acute hepatitis characterized by marked liver enzyme elevations and can be diagnosed with serologic markers. Initial HCV antibody testing may be negative during acute viral hepatitis C. 83, 84 Serum liver biochemistry levels must be interpreted in light of information obtained from the medical history, including recent travel. Hepatitis A virus (HAV) may be acquired from oral-fecal contact, often in an institutional setting, from contaminated food, and HAV is particularly prevalent in many third-world nations. Risk factors for acquisition of hepatitis B and C have been discussed previously. Hepatitis D occurs due to blood-blood contact in concert with hepatitis B, either as a coinfection or subsequent superinfection, whereas hepatitis E is acquired by contaminated food or water in endemic areas, and may be particularly fulminant in pregnant females. 102 Autoimmune hepatitis or Wilson's disease can also present with severe ALT and AST elevations. 103 Ischemic hepatitis causes marked elevations in liver enzymes and should be considered in the appropriate clinical setting. 104, 105 A low-flow hemodynamic state typically occurs (hypotension, sepsis, cardiac arrhythmia, myocardial infarction, hemorrhage), followed by an acute and rapid rise of liver enzymes. On occasion, acute bile duct obstruction can present with marked, transient elevation in liver enzymes. 97, 98, 106 Patients frequently have right upper quadrant pain and nausea, and abdominal ultrasonography may reveal biliary ductal dilatation and cholelithiasis. Liver enzymes typically decline rapidly when a stone passes out of the biliary system. Finally, acute vascular events such as acute Budd-Chiari syndrome, or surgical ligation or thrombosis of the hepatic artery, can present with marked elevation of liver enzymes. 107 Budd-Chiari frequently is characterized by the development of ascites and jaundice and is diagnosed by imaging the hepatic vein and parenchyma; it may be further confirmed by liver biopsy. Accidental ligation or thrombosis of the hepatic artery can occur after surgical procedures of the biliary tree or liver and may be visualized by Doppler evaluation or angiography.
Evaluation of Abnormalities of the Serum Bilirubin and Alkaline Phosphatase Levels
Hyperbilirubinemia and serum elevations of hepatic alkaline phosphatase may be associated with cholestatic conditions. Cholestatic diseases can be categorized as either anatomic obstructions to bile flow (extrahepatic cholestasis) or as functional impairments of bile formation by the hepatocyte (intrahepatic cholestasis). Disorders causing hyperbilirubinemia, however, may not always be associated with abnormalities of the serum alkaline phosphatase or other serum liver chemistries. In fact, hyperbilirubinemia is relatively common with many forms of liver disease and does not necessarily imply the presence of either cholestatic or hepatocellular liver disease, nor even indicate that hepatic disease is present (especially unconjugated hyperbilirubinemias due to Gilbert's syndrome). The initial evaluation of an elevated isolated serum bilirubin level is, thus, a determination of whether the bilirubin elevation is caused by conjugated (direct) or unconjugated (indirect) bilirubin.
As previously mentioned, alkaline phosphatase elevations may be caused by diseases in organ systems outside the hepatobiliary system. In addition, the cost-effectiveness of evaluating a single, isolated mildly elevated alkaline phosphatase in an asymptomatic individual may be low 108 and therefore, an initial observational approach may be appropriate for many individuals. 109 The initial approach to evaluate an elevated serum alkaline phosphatase is a determination of whether it is of hepatic or nonhepatic origin. This determination can be based on clinical criteria (such as in a patient with known or suspected hepatobiliary diseases) or the concomitant elevation of other serum liver chemistries. However, in asymptomatic patients or in individuals without known liver diseases, confirmation of the hepatic origin of the serum alkaline phosphatase may require the detection of elevated serum levels of the ␥-glutamyltransferase, 5Ј-nucleotidase or hepatic alkaline phosphatase isoenzyme.
Isolated Unconjugated Hyperbilirubinemia
The screening of asymptomatic patients for serum liver biochemistries will identify a large number of individuals with elevated serum unconjugated bilirubin levels. In fact, up to 5% of the population has Gilbert's syndrome, a benign condition of unconjugated hyperbilirubinemia with otherwise normal liver chemistries. 24 Given the high prevalence and benign nature of this syndrome, it may be considered a normal variant of the population rather than a disease state. Gilbert's syndrome is caused, in part, by a polymorphism in the TATA box of the gene encoding bilirubin UDP-GT. This results in diminished bilirubin UGT protein expression and enzyme activity, with a resultant impaired ability to conjugate bilirubin. Hyperbilirubinemia may become more prominent during fasting states, systemic illnesses, hemolysis, or with some medications. Although fasting, modified diets, nicotinic acid administration test, and analysis of the UGT1*1 TATA box can be used to diagnose this entity, 110,111 these measures are not required routinely. In asymptomatic, healthy individuals who have mild (Ͻ4 mg/dL) unconjugated hyperbilirubinemia, evaluation should include exclusion of medications that cause hyperbilirubinemia, exclusion of hemolysis (hemoglobin, reticulocyte count, haptoglobin, etc.), and confirmation of normal serum transaminase and al-kaline phosphatase levels. A presumptive diagnosis of Gilbert's syndrome can be made and the provocative tests cited above are thus not routinely required. Severe unconjugated hyperbilirubinemia can also occur with Crigler-Najjar disease, a rare genetic disease that presents shortly after birth, characterized by a severe or total impairment of bilirubin conjugation by the liver. Unconjugated hyperbilirubinemia, occurring in the absence of primary hepatic disease, may also be caused by entities that increase bilirubin production, impair uptake of bilirubin into the hepatocyte (such as shunt hyperbilirubinemia), or are associated with diminished bilirubin conjugation ( Table 7) .
Conjugated Hyperbilirubinemia and Elevated Hepatic Alkaline Phosphatase
Cholestatic conditions may cause a conjugated hyperbilirubinemia, and elevated serum bilirubin levels may occur before the development of frank jaundice. Although the Dubin-Johnson and Rotor syndrome are rare genetic diseases caused by an impaired hepatocellular secretion of bilirubin glucuronides into the bile, 112, 113 conjugated hyperbilirubinemias are more typically caused by hepatocellular diseases, biliary obstruction, toxins, or drugs (Table 8 ). These cholestatic conditions also typically have elevations of hepatic alkaline phosphatase and, to a lesser degree, liver transaminases. In fact, although data regarding the temporal rise of bilirubin and alkaline phosphatase are lacking for many hepatobiliary diseases, in some chronic cholestatic diseases (primary biliary cirrhosis, primary sclerosing cholangitis), bilirubin elevations and jaundice develop late in the natural history of the disease and may be indicative of impending hepatic failure or malignancy. 114 -116 Isolated hepatic alkaline phosphatase isoenzyme elevations may be the sole abnormality in PBC or other cholestatic diseases, or with infiltrative diseases of the liver.
When a serum alkaline phosphatase elevation is detected, it must be interpreted in the clinical setting of the patient's historical findings and physical examination. Initial management may involve repeating the serum chemistry or confirming the hepatic origin by obtaining a serum ␥-glutamyltransferase (or 5Ј-nucleotidase, alkaline phosphatase isoenzyme) level. If medications are suspected, the initial evaluation may involve discontinuation of medications and repetition of the serum liver chemistries (Table 9 ). However, patients with persistently elevated serum alkaline phosphatase levels of hepatic origin must be evaluated for cholestatic and infiltrative liver diseases (granulomatous diseases including sarcoidosis, lymphoma, metastatic disease) and for biliary obstruction (Tables 10 and 11 ). Several infiltrative diseases of the hepatic parenchyma frequently present with a mildly or markedly elevated serum alkaline phosphatase, often with minimal or no elevation of the serum bilirubin, ALT, or AST. The initial evaluation should include ultrasonography to assess the hepatic parenchyma and biliary system. If additional abdominal imaging is clinically indicated, an abdominal computerized tomography scan or abdominal magnetic resonance imaging/magnetic resonance cholangiopancreatography can be obtained. If extrahepatic obstruction is evident, an 117 Data published in abstract form indicate that magnetic resonance cholangiography may be more cost-effective than invasive cholangiography in this setting, largely due to the lower complication rate. 118 If extrahepatic obstruction is not evident, an antimitochondrial antibody should be obtained. Because potentially treatable cholestatic and infiltrative liver diseases (i.e., PBC, sarcoidosis, primary sclerosing cholangitis, etc.) may have long asymptomatic periods characterized solely by mild, asymptomatic elevations of the serum alkaline phosphatase, the continued presence of persistent hepatic alkaline phosphatase elevations (typically greater than 6 months' duration) of unknown origin typically warrants further evaluation, often with imaging of the biliary tree and liver biopsy.
Serum Albumin and Prothrombin Time
The serum albumin and prothrombin time are commonly obtained serum tests that may be essential in the evaluation of hepatic function, although neither test is specific for evaluating liver function. Albumin levels may be diminished due to poor nutritional status, severe illness with protein catabolism, nephrosis, malabsorption, and other abnormalities of the gastrointestinal tract, whereas serum prothrombin time elevations may occur with malabsorption and with several acquired or genetic hematologic abnormalities. Nonetheless, in the proper clinical scenario these tests may be important indicators of hepatic synthetic function. 119 The liver synthesizes both albumin and many of the blood coagulation factors that are required to be in adequate concentrations in order for the prothrombin time to be normal. Thus, in the absence of other nonhepatic etiologies for abnormalities in the albumin or prothrombin time, these laboratory tests can be useful in assaying hepatic synthetic function. The half-life of serum albumin normally is 19 -21 days, whereas the half-life of blood coagulation factors may be less than a day, so these tests often can be used in tandem to assess both acute and chronic components of hepatic function or impairment. The prothrombin time may be a better indicator of coagulation in liver diseases than the international normalization ratio. 120 -122 Unlike serum liver chemistry tests like the serum ALT, AST, and alkaline phosphatase (which are not true indicators of hepatic function), serum albumin levels and prothrombin time, along with physical examination findings such as encephalopathy, are important clinical parameters of hepatic function that are essential in the context of interpreting abnormal serum liver chemistry tests, especially in clinical scenarios of impending hepatic failure. 123, 124 Evaluation of the Clinical Indication for Performing a Liver Biopsy
When evaluating a patient with abnormal serum liver chemistries, a common diagnostic decision facing the gastroenterologist is whether to perform a percutaneous liver biopsy. Liver biopsy can provide important prognostic and diagnostic information regarding the cause of the liver disease but should be performed only if the expected benefit exceeds the small risks of the procedure. Outpatient percutaneous liver biopsy can be performed safely in most patients, although complications requiring hospitalization may occur in 1.4%-4% of patients. [125] [126] [127] [128] [129] A large series of 68,276 percutaneous liver biopsies revealed a severe complication rate (i.e., death, severe hemorrhage, pneumothorax, bile peritonitis) of 0.1%-0.3% and a mortality rate of 9/100,000, with deaths occurring in patients with malignant disease or cirrhosis. 125 Because this study was performed before the routine use of transjugular liver biopsy techniques, it probably includes higher-risk patients who would not currently undergo percutaneous liver biopsy. Thus, it may report a complication rate that potentially is higher than one would expect in the era when transjugular liver biopsy is available. Transjugular liver biopsy can be performed successfully in the majority of patients with contraindications (i.e., coagulation disorders, ascites) to percutaneous biopsy and is relatively safe, although complications have been reported in this high-risk patient population. 130, 131 Recent studies from the post-HCV era indicate that when liver biopsies are performed for abnormal serum liver chemistries with an unremarkable serologic evaluation, the most likely diagnosis is steatosis and steatohepatitis, occasionally associated with fibrosis. 46 In one study, the postbiopsy diagnosis differed from the prebiopsy diagnosis in 14% of patients, although recommendations for treatment (excluding investigational therapies) were altered in a smaller number of individuals as a result of the procedure. 132 Liver biopsy can be performed with a low complication rate and may provide useful prognostic and diagnostic information in patients with chronically (greater than 6 months) elevated, marker-negative serum liver chemistries, and thus should be considered. The decision to perform a biopsy, however, must be individualized to the patient's age, lifestyle, liver chemistry abnormalities, desire for prognostic information, and associated comorbid conditions.
Conclusion
This review of the medical literature on the evaluation of liver chemistry tests indicates, at least to the authors, that a reliable literature to make unequivocal recommendations for the diagnostic evaluation of patients with abnormal liver chemistry tests is lacking. There are no large, double-blinded, prospective studies and few uncontrolled studies addressing this issue. Several review articles have been published on the evaluation of liver chemistry tests, although the recommendations often reflected the authors' opinions based on the imperfect data available in the medical literature, and on their expertise in the management of liver diseases. [133] [134] [135] [136] As previously described, the normal range of serum laboratory test values is defined such that 2.5% of the normal population will have abnormally elevated laboratory values for a given test. In addition, normal serum liver chemistry values do not definitively exclude the presence of disease. Compounding this problem, common hepatic diseases such as HCV may have fluctuating serum liver chemistry tests, which can be intermittently normal. However, given the common clinical practices of screening asymptomatic individuals and patients with suspected liver disorders with serum liver biochemistry tests, the appropriate interpretation and evaluation of these tests has important patient care, public health, and economic implications.
The initial evaluation of a serum liver chemistry value must be assessed in the clinical context of the patient, based on the findings of a detailed history and physical examination. Patient symptoms (or lack of symptoms), risk factors for acquisition of hepatitis, family history of genetic liver disease, alcohol and illicit drug use, medications, age, gender, the patient's psychological state, comorbid diseases, and pertinent physical examination findings of liver disease should be assessed initially. Lifestyle modifications should be recommended when appropriate and any nonessential medications discontinued. If a laboratory error is suspected, the serum test may be repeated, albeit with the realization that a normal value does not eliminate the possibility that liver disease is present. A decision regarding further diagnostic evaluation or close clinical follow-up and serial evaluation of repeat liver chemistry testing can then be made.
It seems prudent that in symptomatic individuals, and certainly in patients with evidence of decompensated or chronic liver disease, an expeditious and complete diagnostic evaluation is warranted. In fact, further diagnostic evaluation may also be appropriate for the majority of asymptomatic individuals. Noninvasive tests to exclude common hepatobiliary diseases should be performed initially. In stable patients with elevated ALT levels, serologic assessment of viral hepatitis markers and iron studies should be obtained. If these are negative, further evaluation to exclude autoimmune, metabolic, and other less common causes of liver injury should be considered. Ultrasonography to assess the hepatic parenchyma and biliary tree may also be appropriate. Similarly, in a patient with evidence of cholestatic liver disease, ultrasonography to exclude biliary dilatation and, potentially, antimitochondrial antibody testing are warranted. 
